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(54) Title: GREENHOUSE 
(57) Abstract 

Greenhouse consisting of a bottom (23), opaque 
and insulated standing walls (24) and a translucent roof, 
characterized in that the roof of the greenhouse (3) consists 
of longitudinal, almost flat strips (2) which are opaque and 
which can rotate around an axis of rotation directed in their 
longitudinal direction, whereby they make the top side of the 
greenhouse (3) practically light-tight when rotated in their 
horizontal or lying position, and in that means (27-30) are 
provided to rotate these strips (2). 
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Greenhouse. 

5 Greenhouse or glasshouse, consisting of a bottom, opaque 
and insulated standing walls and a translucent roof. 

In conventional greenhouses, the walls and the roof are 
mainly formed of translucent material .such as glass or 
10 synthetic material. 

The working of such a greenhouse is based on the fact 
that the wavelength of the sunlight coming in through 
said material is altered when it is reflected by the 
15 ground or the plants in the greenhouse and in that said 
wavelength is retained by the material, so that the heat 
stays in the greenhouse. 

When there is a lot of sun, the heat may become too high, 
20 and the incidence of the solar rays is limited by putting 
light -tempering mats on the roof. 

Whereas such greenhouses give good results in regions 
with a moderate climate, they cannot be used as such in 
25 regions where there is a lot of sun, such as in deserts. 

It is already known to build greenhouses in such regions 
whose standing walls are opaque and insulated, whereas 
collapsible mats are provided on the translucent roof, 
3 0 equipped with reflectors, for example made of aluminium, 
and which only transmit a restricted quantity of light. 

The collapsible mats are relatively expensive and not 
ultraviolet-resistant, so that they need to be replaced 
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regularly. 

Moreover, even with these mats the greenhouse still needs 
to be cooled. Such cooling, for example by means of 
cooling air, requires extra energy and is thus relatively 
expensive. Moreover, it is very difficult to evenly cool 
the entire greenhouse. 

The present invention aims a greenhouse which does not 
have the above-mentioned and other disadvantages and 
which is thus relatively inexpensive, and which allows 
for a good and even temperature regulation in the 
greenhouse with a minimum of energy consumption. 

This aim is reached according to the invention in that 
the roof of the greenhouse consists of longitudinal, 
almost flat strips which are opaque and which can rotate 
around an axis of rotation directed in their longitudinal 
direction, whereby they make the top side of the 
greenhouse practically light -tight when rotated in their 
horizontal or lying position, and in that means are 
provided to rotate these strips. 

The means for rotating the strips may be means to rotate 
them individually, to rotate them in groups of several 
strips or to rotate them all together. 

Preferably, the strips can rotate around an axis situated 
halfway their width. 

The roof of the greenhouse is usually flat and 
horizontal. 

The bottom side of the strips may reflect the light in a 
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diffused manner. 

On the top side, the strips are preferably reflecting, 
which implies that the strips are flat, longitudinal 
5 mirrors. 

The above-mentioned means for rotating the strips are 
then also means to direct the mirrors towards the sun. 

10 They are preferably directed in the east/westward 
direction and thus follow the movement of the sun 
according to the seasons. 

The above -described greenhouse in which the strips are 
15 mirrors, is particularly interesting as part of a device 
for producing steam which can be used in a steam turbine 
for the production of electricity or in an evaporator for 
desalinating seawater, whereby at least one collector is 
erected above the mirrors in which fluid is heated. 

20 

Through the greenhouse can be provided a pipe through 
which flows cooling water and/or the produced fresh water 
to heat the greenhouse and/or to water the plants in the 
greenhouse by means of sprinklers connected to it or in 
25 order to guarantee the required humidity level in the 
greenhouse . 

In order to better explain the characteristics of the 
invention, the following preferred embodiments of 
3 0 greenhouse according to the invention are described as an 
example only without being limitative in any way, with 
reference to the accompanying drawings, in which: 

figure 1 schematically represents a device for using 



a 
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solar energy of which greenhouses according to the 
invention form a part; 

figure 2 schematically represents a cross section of 
a greenhouse according to the invention from the 
device in figure 1; 

figure 3 shows a section analogous to that in figure 
2, but with reference to another position of the 
mirrors; 

figure 4 represents the detail indicated by F4 in 
figure 3 to a larger scale; 

figures 5, 6 and 7 schematically represent the 
position of the mirrors for one greenhouse at three 
different moments of the day. 

The device for using solar energy which is schematically 
represented in figure 1 contains a device 1 for producing 
steam which mainly consists of several series, three in 
the example represented, of parallel, strip-shaped, 
rotatable flat mirrors 2, forming the roof of greenhouses 
3, a collector 4-5 in the shape of a longitudinal, bent 
mirror 4 above every series of mirrors 2 which is 
directed with its opening towards the flat mirrors 2, and 
a pipe 5 extending under the successive collectors 4. 

The mirrors 2 extend with their longitudinal direction in 
the east/westward direction and can rotate around a 
geometrical axis which extends halfway their width in 
their longitudinal direction. 

The collectors 4-5 are also directed in the longitudinal 
direction of the mirrors 2. 

The construction of the mirrors 2 and their rotation will 
be further explained in detail together with the 
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construction and the working of the greenhouses 3. 

The pipe 5 is connected downstream to a water supply pipe 
6 in which is provided a pump 7, and upstream to a steam 
pipe 8. 

The steam pipe 8 is connected to the water supply pipe 6 
by a first pipe 9 in which are successively provided a 
cock 10, a steam turbine 11 onto which is coupled a 
generator 12, a condenser 13 and a second cock 14 on the 
one hand, and by a second pipe 15 in which are 
successively provided a cock 16, an evaporator 17 and a 
second cock 18 on the other hand. 

Through the evaporator 17 extends a secondary pipe 19 in 
which is provided a condenser 20 and which opens in a 
duct 21 which extends along the greenhouses 3, whereby 
the cooling pipe 22 extends through this condenser 20. 

The working of such a device 1 for producing and 
utilizing steam is as follows. 

The strip- shaped flat mirrors 2 forming the roofs of the 
greenhouses 3 reflect the collected solar radiation to 
the bent mirror 4 erected on top of them, which further 
reflects this radiation to the pipe 5. 

As a result of this, water is then heated under the 
successive mirrors 4 in this pipe 5, this water is 
evaporated into steam and this steam is overheated. 

This overheated steam flows via the steam pipe 8 to the 
pipes 9 and 15 in a proportion which is determined by the 
position of the cocks 10 and 14, 16 and 18 respectively. 
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The steam in the pipe 9 drives the steam turbine 11 which 
drives the generator 12, whereas the used and condensed 
steam flows back to the pipe 5 via the water supply pipe 
6 to be heated again and to be transformed into 
overheated steam. 

The steam in the pipe 15 makes sure that seawater which 
is supplied through the pipe 19 is evaporated in the 
evaporator 17. The steam which is produced there, is 
condensed into fresh water in the condenser 20 which is 
supplied to the duct 21. 

Characteristic for the invention are the greenhouses 3 
which are analogous to what is called a phytotron, with 
this major difference, however, that all the energy is 
supplied by the sun and that the light is not provided by 
lamps but consists of sunlight. 

As in a phytotron, as represented in figures 2 and 3, 
each greenhouse 3 consists of a bottom 23 and four 
standing walls 24 which are opaque and heavily thermally 
insulated. 

As already mentioned, the roof of every greenhouse 3 is 
formed of a series of mirrors 2. 

Every mirror 2 consists of a strip 25 having a width of 
for example some 50 cm and a length of about 10 m, whose 
top side is reflective, for example coated with a 
reflective foil or a reflective layer, and whose , bottom 
side reflects the light in a diffused manner, for example 
which is coated with a layer which reflects the light in 
a diffuse manner. 
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The strip 25, as represented in detail in figure 4, is 
fixed with its bottom side to a pipe 26 which is bearing- 
mounted in several places in a frame in a manner which is 
not represented. 

The mirrors 2 can rotate around an axis in their 
longitudinal direction, either all together or 
individually, but preferably in groups of several 
mirrors, for example four, which coincides with the axis 
of their pipe 26, by means of a motor 27 through the 
agency of a transmission which contains a chain 28 in the 
given example running over chain wheels 29 at one end of 
the pipes 26 and a chain wheel 30 on the shaft of the 
motor 27. 

The motors 27 are controlled by means of a control 
device, such that the mirrors 2 are normally directed 
with their reflective top side towards the sun and 
reflect onto the mirror 4, but if required this 
embodiment can be deviated from. 

The mirrors 2 thus follow the movement of the sun, i.e., 
since they are directed in the east/westward direction, 
the seasonal movement of the sun following an angle of 
46° between summer and winter. 

Figures 2 and 3 represent the situation at the thirtieth 
degree of latitude. In the early part of the winter, the 
solar rays form an angle of 53° with the zenith here, as 
represented in figure 2, and in the early part of the 
summer, they form an angle of 7° with said zenith, as 
represented in figure 3. 

At this degree of latitude, the sun thus remains on one 
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side of the zenith. The only collector 4-5 which extends 
in the east/westward direction is therefore situated 
above the most northward situated mirror 2 of the series 
forming a roof. 

It is clear that "a number of mirrors 2 reflecting solar 
rays to this collector 4-5 are rotated. 

This implies that sunlight falls directly in the 
greenhouse 3 between two neighbouring rotated mirrors 2, 
as is represented in figure 4 by means of the chain lines 
31. The distance between these chain lines 31 represents 
the width of the beam of rays falling in the greenhouse 
3 . 

Between these neighbouring mirrors 2 also penetrates 
diffused light, as represented by the arrows 32 in figure 
4 . 

When two neighbouring mirrors 2 are situated in their 
horizontal position, they practically touch, so that 
neither direct light, nor diffused light can penetrate in 
between them into the greenhouse 3 . 

Through every greenhouse 3 extend pipes. 33 which are 
connected to the duct 21 via a pump 34. In the 
greenhouse 3, these pipes 33 are provided with 
adjustable, downward directed sprinklers 35 and 
adjustable, upward directed sprinklers 36. Further, fins 
37 can be provided on certain pipes 33 for the heat 
exchange with the space inside the greenhouse 3. 

Under the roof are provided fittings with tube lights 38 
of the type which is especially designed for casting 
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light on plants. 

These fittings have upward directed reflectors, such that 
the light of the tube lamps 38 is reflected towards the 
roof and thus towards the mirrors 2. 

The working of the above -described greenhouses 3 is as 
follows . 

Early in the morning, the sun is still too low above the 
horizon and the solar radiation is not sufficient to 
produce overheated steam in the pipe 5. 

Said solar radiation is therefore used entirely for the 
plants in the greenhouse 3 and all the mirrors 2 are 
placed almost vertically as is schematically represented 
in figure 5. Thanks to the bottom side of the mirrors 2 
reflecting the light in a diffused manner, this radiation 
is reflected in the greenhouse 3 as diffused light. 

As soon as the solar radiation makes it possible to 
produce enough steam, the mirrors 2 are rotated such that 
they reflect the solar rays to the collector 4-5, and the 
cocks 10 and 14 are opened first and, if the amount of 
steam is sufficient to make also the evaporator 17 work, 
also the cocks 16 and 18 will be subsequently opened. 

At noon, when the sun is situated at its highest point 
above the horizon, the mirrors 2 are in the position as 
represented in figure 2 in the early part of the winter, 
and in the position as represented in figure 3 in the 
early part of the summer. 

Between the rotated mirrors 2, a small amount of direct 
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solar radiation will thus enter the greenhouse 3, whereas 
a large amount of diffused light is spread in the 
greenhouse 3. Besides, too much direct sunlight is 
disadvantageous for the photosynthesis of most plants. 

If all the solar radiation would fall directly on the 
plants in the greenhouse 3, these plants would burn. 
Shadow plants for example, only require a radiation 
energy of 200 to 300 Watt per m 2 , whereas in the desert 
the solar radiation amounts to 1000 Watt per m 2 . 

It should be noted that in the winter, the mirrors 2 are 
on average inclined more than in the summer, so that 
during the winter, when there is sunlight for a shorter 
length of time, comparatively more diffused light falls 
in the greenhouse 3, such that the total amount of 
diffused light does not differ much in summer and in 
winter . 

The surface of the mirrors 2 is generously calculated, so 
that during a large part of the day and especially around 
noon, more solar radiation is reflected by the mirrors 2 
then required for the steam production. 

This surplus is prevented from reaching the collector 4-5 
and is led to the inside of the greenhouse 3, partly in 
the form of diffused light, by successively rotating 
different groups of a number of mirrors 2, in the given 
example four, in their almost vertical position, as is 
schematically represented in figure 6. 

Through the bottom sides of the mirrors 2 which reflect 
the light in a diffused manner, a large quantity of 
diffused light thus enters the inner space of the 
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greenhouse 3 between said mirrors 2, such that a 
sufficient amount of energy enters the greenhouse 3 to 
allow for an optimum photosynthesis of the plants. 

By successively or sequentially rotating other mirrors 2, 
other parts of the greenhouse 3 are each time cast light 
on. 

At night, all the mirrors 2 forming the roof of a 
greenhouse 3 are rotated in their horizontal position, as 
is schematically represented in figure 7, so that as 
little heat as possible escapes from the space inside the 
greenhouse 3. Light is cast on the plants by the tube 
lamps 38, whose light is reflected in a diffused manner 
in the above-mentioned space by the bottom sides of the 
mirrors 2 reflecting it in a diffused manner. 

The steam for the steam turbine 11 and the desalination 
must then be produced in conventional ways by a steam 
boiler.. 

As the general power consumption is lower at night than 
during the day, part of the current can easily be used 
for the tube lamps 38. 

As the incident rays mainly come in in a diffused manner 
and are spread over a large surface, the space inside the 
greenhouse 3 hardly heats up. Besides, the entering or 
released heat is situated at a relatively large distance 
from the bottom 23, for example at four metres, and 
escapes immediately through the gaps between the rotated 
mirrors 2. 

Thus, even more heat is extracted from the space, so that 
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it will have to be heated in order to maintain the 
required temperature for an ideal photosynthesis. 

This is realized by pumping desalinated water from the 
duct 21 through the pipe 3 3 equipped with fins 3 7 into 
the greenhouse 3. The water in this, duct 21 is condensed 
steam from the condenser 20 .which has been condensed by 
seawater at for example 3 0 to 3 5°C and which has a 
temperature of about 40 °C or more. 



10 



This same water is also used to water the plants when 
necessary by means of remote-controlled adjustable 
sprinklers 3 5 in pipes 33 and to obtain the required 
humidity level in the greenhouse 3 by means of remote - 
15 controlled adjustable sprinklers 36. 

Any remaining water can be used to cool the condenser 13 
or the steam turbine 11. 

20 During the day, the greenhouses 3 thus do not consume any 
other energy than solar energy. The entire device 1 will 
even produce a considerable surplus of electricity which 
can be used for all purposes, for example for the energy 
supply of air conditioning appliances. This device also 

25 produces the necessary water for the plants. 

Thus, the whole is very economical, and an optimal growth 
of the plants can be guaranteed in an easy way. 

30 It is clear that the number of greenhouses 3 is not 
limited to three. An entire field of several hectares 
can be formed in this way. 

The roof of every greenhouse must not necessarily consist 
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of just one series of mirrors 2. The roof of a single 
greenhouse 3 may contain several series of mirrors 2; 
likewise, also a single series of mirrors 2 may form the 
roof of several greenhouses 3 . 

5 

The collector 4-5 must not necessarily be situated above 
an extreme mirror 2. Also more than one collector 4-5 
can be erected above a series of mirrors 2 . 

10 The mirrors 2 must not necessarily be directed in the 
east/ westward direction. They may also be directed with 
their longitudinal direction north/ southward, in which 
case the mirrors 2 which are used for the production of 
steam follow the sun in the course of the day. 

In this case as well, groups of mirrors 2 are 
sequentially rotated such that they do not reflect any 
light towards the collector 4-5, but reflect diffused 
light in the greenhouse 3 . 

Although it is extremely advantageous when the 
greenhouses 3 form part of a device 1 for producing steam 
with which the necessary electricity for for example the 
devices in the greenhouses 3 and, if necessary, also the 
25 required fresh water can be produced, this is not 
absolutely necessary . The mirrors 2 may then be replaced 
by strips which are not reflective on the top side. 

The invention is by no means restricted to the above- 
30 described embodiment as represented in the accompanying 
drawings; on the contrary, such a greenhouse can be made 
in all sorts of variants while still remaining within the 
scope of the invention. 



20 
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Claims . 



1. Greenhouse consisting of a bottom (23), opaque and 
insulated standing walls (24) and a translucent roof, 
characterized in that the roof of the greenhouse (3) 
consists of longitudinal, almost flat strips (2) which 
are opaque and which can rotate around an axis of 
rotation directed in their longitudinal direction, 
whereby they make the top side of the greenhouse (3) 
practically light-tight when rotated in their horizontal 
or lying position, and in that means (27-30) are provided 
to rotate these strips (2) . 

2. Greenhouse according to claim 1, characterized in that 
the means (27-30) to rotate the strips (2) are means to 
rotate them either individually or in groups of several 
strips or all together. 

3. Greenhouse according to claim 1 or 2, characterized in 
that the strips (2) can rotate around an axis situated 
halfway their width. 

4. Greenhouse according to any of the preceding claims, 
characterized in that the roof is flat and horizontal. 

5. Greenhouse according to any of the preceding claims, 
characterized in that the bottom side of the strips (2) 
reflects the light in a diffused manner. 

6. Greenhouse according to any of the preceding claims, 
characterized in that, on the top side, the strips are 
reflective, which implies that the strips are flat, 
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longitudinal mirrors (2) , and in that the above-mentioned 
means (27-30) for rotating the strips are also means for 
directing the mirrors (2) towards the sun. 

7. Greenhouse according to claim 6, characterized in that 
the mirrors are directed in the east/westward direction 
and thus can follow the movement of the sun according to 
the seasons. 

10 8. Greenhouse according to claim 6 or 7, characterized in 
that it is part of a device (1) for producing steam which 
is used in a steam turbine (11) for the production of 
electricity and/or in an evaporator (17) for desalinating 
seawater, whereby at least one collector (4-5) is erected 

15 above the mirrors (2) in which fluid is heated. 

9. Greenhouse according to claim 8, characterized in that 
a pipe (33) is provided through it through which flows 
cooling water and/or the produced fresh water to heat the 
20 greenhouse (3) and/or to water the plants in the 
greenhouse by means of sprinklers (35-36) connected to it 
and/or to guarantee the required humidity level in the 
greenhouse (3) . 

25 10. Greenhouse according to claims 2, 5 and 8, 
characterized in that the means (27-30) for rotating the 
mirrors (2) of a greenhouse (3) are controlled such by a 
control device that, when there is little solar 
radiation, they are all turned standing, such that light 

30 is reflected inside the greenhouse (3) by the side of 
said mirrors (2) reflecting - the light in a diffused 
manner, and that when there is a sufficient amount of 
solar radiation for the production of steam, they are 
directed towards the sun and towards the collector (4-5) 
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with possibly a sequential group of mirrors (2) which are 
also turned standing so as to also reflect the solar 
radiation in a diffused manner inside the greenhouse (3) . 
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